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ABSTRACT 
Non-Destructive Testing (NDT) is a method for determining the integrity of a component 
without performing a destructive stress test. Ultrasonic Testing (UT) is a NDT technique that 
uses high frequency sound waves to detect damage in structures. 
This Thesis has systematically evaluated the damage detection capability of the Olympus 
Omniscan MX2 Phased Array (PA). The MX2 is a state of the art Phased Array UT machine. 
 The effect of changing various machine settings, PA probes designs, and material samples on the 
MX2’s capability for effective damage detection has been investigated. 
The MX2 has been shown to be very effective at detecting artificial delaminations that simulate 
low velocity barely visible impact damage in thin monolithic structures (0-10mm). 
The MX2 currently has three PA probes. It was found that the 5L60 probe was the most robust 
of the three, it was the least sensitive to setting changes, and was the easiest probe to detect 
damage with. The 5L32 probe with its novel wedge material/design provided great near surface 
detection capabilities. Its lower number of elements but with a similar scanning width to the 5L60 
results in a comparatively less detailed scan. The 10L32 was the most difficult probe to use, 
requiring a lot of time to setup, and not always guaranteeing efficient damage detection. It was 
recommended that this probe not be used during initial damage detection if the other probes are 
available. Although it requires more user experience to effective setup, the 10L32 has shown 
great potential for producing high quality scans of thin composites due to its high frequency and 
large number of elements relative to its small width. 
A brief comparison was made to the detection capabilities of Conventional UT. It was shown 
that Conventional UT was able to effectively locate known damages. It was shown that its ability 
to perform a broad area search for hidden damages was inferior to PA UT, due to the small size 
of the single element transducer compared to the larger PA probes.  
Finally, this Thesis has provided UQ Composites with a set of Standard Operating Procedures 
(SOP) that can be referred to when performing damage detection in thin composite structures. 
These were developed from the experience gained when learning how to operate the MX2 and 
perform scans during the course of the project. 
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CHAPTER 1 - INTRODUCTION 
Composites are becoming the materials of choice for advanced manufacturing where superior 
strength to weight ratios and mechanical properties are required. For example, the Boeing 787 
Dreamliner is constructed using 50% composite materials (Boeing, 2006) and the Army’s new 
helicopter, the MRH-90 has full composite airframe (NHIndustries, 2016). 
 
Figure 1: The MRH-90 features a full composite airframe (WikiMedia, 2015) 
The effective use of Non-Destructive Testing (NDT) for the through life support of high-value 
infrastructure is vitally important for the safety of their long term operation. 
Ultrasonic Testing (UT) is a non-destructive testing method used to find damage in structures. 
Sound waves are pulsed through a material, and reflections from damage are received. A 
relatively recent development in UT has been the Phased Array (PA). The single element probe 
of conventional UT has been superseded by an electronically scanned, multi element probe. The 
timing of the pulsing, or phasing, allows for scanning techniques that were very difficult or not 
possible with conventional UT. UQ Composites has recently acquired an Olympus Omniscan 
MX2. This represents the one of the most advanced and versatile commercial Phased Array 
Ultrasonic Testing (PAUT) machines. 
 
Figure 2: Olympus Omniscan MX2 (Olympus, 2016) 
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1.1 Thesis Aims 
The aim of this Thesis is to systematically evaluate the damage detection capability of the 
Omniscan MX2. 
The effect of changing various machine settings, probes types, and material samples on the 
MX2’s capability for effective damage detection will be investigated and discussed. 
Specifically, the effectiveness of detecting artificial delaminations and low velocity barely visible 
impact damage in thin monolithic structures (0-10mm) will be determined. 
This Thesis will provide UQ Composites with a set of detailed Standard Operating Procedure 
(SOP) to perform damage detection in thin composite structures, developed using the experience 
gained from learning how to operate the MX2 during the course of the project. 
It will provide the field of NDT a comprehensive overview of the capabilities of a modern 
Phased Array machine to detect damage in thin composite structures. 
The detection capability of conventional UT investigated compared to the MX2. A two 
dimensional XY scanning system will be fabricated and used to produces scans using 
conventional UT. This system will be improved upon by UQ composites in the future. 
1.2 Thesis Structure 
This Thesis is broken up into the following section sections: 
 Chapter 2 introduces Background Information and concepts that are relevant for 
understanding the content in further sections. A review of current literature is presented in 
the form of an annotated bibliography, with the aim of investigating previous testing 
procedures and result formats and show the relevance of this Thesis in the broader research 
environment. 
 Chapter 3 gives an overview the Experimental Procedure. Only a brief explanation of the 
MX2 setup is provided, the SOP’s contain the full setup procedure. The choice of composite 
samples used in this investigation are introduced and justified. 
 In Chapter 4 the results of the experimental analysis are presented and discussed. For clarity, 
only relevant results are included, full results can be found in Appendix 2 
 Chapter 5 provides conclusions and recommendations made from the insights gained over 
the course of the project. 
 Chapter 8 1 contains the Standard Operating Procedure for the MX2. 
 Appendix 2 contains the full results from investigation not included in Chapter 4.  
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CHAPTER 2 - BACKGROUND 
Ultrasonic testing is a powerful Non-destructive Testing (NDT) method, first appearing in 1940. 
It relies on the physics of sound wave propagation through materials and is used to find damage, 
determine material thickness, analyse material properties, and more, for different materials and 
structures. The improvements made to UT has largely been a result of developments in 
electronics. With recent technological improvements such as the miniaturisation of electrical 
components, small, portable and very capably phased array (PA) testing machines have been 
developed and are now in widespread use. (Olympus, 2016) 
Chapter 2 provides an overview of UT background information and relevant literature. 
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2.1 Conventional UT Theory 
Sound waves are “organised mechanical vibrations travelling through a medium” (Olympus, 
2016). UT frequencies are usually in the 0.1-15MHz range, although some higher frequencies may 
be used. Sound waves in the megahertz range travel freely through most engineering materials 
and liquids, but do not travel well through air. Owing to their small wavelength, ultrasonic waves 
are able to detect small “reflectors” in their path. The speed of sound of a medium is governed 
by its density and elastic properties. 
The subsections below will provide more detailed explanations of relevant UT theory.  
Conventional UT Transducer 
In the context of UT, a transducer converts an electrical pulse into a mechanical ultrasonic wave. 
This wave is transmitted into a structure being scanned. The transducer then receives reflections 
(echoes) which are then converted back to electrical an impulses and displayed by the UT 
machine. The frequency of this wave depends on the construction of the individual transducer 
and cannot be changed. Attempting to excite the transducer at a different frequency than it is 
designed for may cause damage. 
 
Figure 3: Typical construction of a conventional UT transducer, a simple sound path is shown on the right. (Olympus, 
2016) 
Think of the transducer as a “speaker/ microphone” combination. The “speaker” makes a 
sound, is switched off, and the “mic” listens for echoes. When the “speaker” and “mic” are 
contained in the same probe, it is a pulse/echo transducer. Other formats exist such as through 
transmission, where the “speaker” and “microphone” are placed on separate sides of a test piece. 
The aperture is the width of this transducer element. (Olympus, 2016) 
For most commercial UT applications, pulse/echo are used for their ease of use, as only one side 
of a test piece usually accessible (e.g. pipes, wing box structures). 
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Reflection 
Reflection and transmission at a perpendicular plane boundary in a medium are governed by the 
following equation: 
𝑅 =
𝑧2 − 𝑧1
𝑧2 + 𝑧1
 
(Equation 1) 
Where: 
R = reflection coefficient in percent 
𝑧1 = acoustic impedance of first medium 
𝑧2 = acoustic impedance of second medium 
From this it can be seen that the greater the difference between the acoustic impedances of the 
two mediums, the greater the reflection will be. Fundamentally this is how a UT machine is able 
to detect damage in a structure. Note that the equation is for a “perpendicular” plate boundary. 
Plane boundaries that are parallel to the sound path will typically not return a reflection. A 
couplant between the probe and the surface of the test piece is essential to ensure that the sound 
waves are transmitted to the structure, and not reflected by discontinuities such as air gaps. 
Typical couplants include oils and water, but many different liquids can be used, such as German 
molasses. 
Scan Formats 
Although there is only a single element, a number of scan formats are still possible with 
conventional UT. Commonly used for its simplicity is the A-Scan. The amplitudes of return 
echoes are shown on a time (depth) based graph. If the thickness of a structure is known, the 
sound speed of the medium being tested can be calculated. 
Velocity (sound speed) = Distance/ Time (Equation 2) 
A typical A-Scan is shown in the figure below: 
 
Figure 4: Simple A-Scans, showing amplitude vs time. 
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In this figure, “Ep” is the thickness of the piece, the front wall echo is shown by the first spike 
in the A-Scan. The “main bang” is the echo response from transducer housing vibrating and the 
transducer plate echo. If the transducer is used without a wedge, and contacts the surface directly, 
the front wall reflection and the noise from the main bang will coincide, reducing the near field 
detection ability. Using a wedge isolates the main bang from the front wall echo. A wedge is 
material placed between the transducer and the sample, and will be introduced later in more 
detail. After a period of time, the back wall echo is detected, shown by the second spike. “D” is 
the depth to a discontinuity (damage), it will return an echo. If the total thickness of the piece is 
known, then speed of sound of the material can be found. Using this, the depth of a discontinuity 
can be determined using the corresponding reflection time and Equation 2. 
The single value B-scan uses “stacked” A-scans along a scanning path to produce a more 
intuitive image. The strength of a return echo is represented using a coloured “heat map”. 
   
Figure 5: Piece being scanned (left): Single Value B-scan (middle), the blue vertical line corresponds to the A-scan on the 
right. (Olympus, 2016) 
Each vertical line of pixels in the B-Scan represents a single A-Scan. This scan provides the 
user with a “cross section” view, potentially allowing for faster damage detection by virtue of the 
more intuitive display the data. Encoders can be attached to the probe that measure the 
horizontal distance travelled during scanning, allowing a defect to be accurately located. 
Attenuation 
As an organized sound wave travels through a medium, it breaks up, scatters and loses energy. 
The amount of scattering is dependent on material properties and on the frequency of the sound; 
a higher frequency is attenuated faster than lower one. If two similar reflectors are at different 
depths, the deeper reflector will return a lower amplitude due to attenuation, causing an error in 
the reading. (Olympus, 2016) Typically, highly attenuating materials are inspected using lower 
frequencies. 
Pulse Energy 
The voltage used to excite the elements in a probe can be varied for the best response. A higher 
voltage maximises the penetration of the sound waves into the medium, while a lower voltage 
will improve the near surface resolution of a scan. Changing the pulsar voltage has a similar visual 
effect to changing the gain. It differs in the fact that more energy is pushed into the piece, 
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whereas gain simply amplifies the returning echoes and introduces artificial noise.  (Olympus, 
2016) 
Time Corrected Gain (TCG) 
To overcome the effects of attenuation, a TCG curve can be used. Instead of increasing the 
“global” gain to correct the amplitude of a deep reflectors which has the effect of over-exposing 
shallow reflectors, the gain is increased with time (depth). 
 
Figure 6: Before and after TCG curve. The TCG curve is the thin red lines in the right image. The green line has been added 
to illustrate the changing levels of the echo amplitudes. 
It is difficult to accurately calibrate a TCG curve if the size of reflectors and depth of the material 
are unknown. In this situation, calibration blocks are extremely useful. Unfortunately, calibration 
blocks are not always available for different materials and defect types. This is where user 
experience and intuition and robust standard operating procedures are important. For highly 
attenuating materials like composites, the TCG feature is very useful. 
2.2 Phased Array Theory 
A more recent development in the world of UT has been the phased arrays (PA). This replaces 
the single element probe with a probe containing many elements. As this is a relatively new 
technology, the full damage detection capabilities of PA’s are still being improved and 
investigated as new probe and wedge designs are released to the market. PA’s rely on the same 
fundamental physics as conventional UT, but provide a much more advanced and versatile 
testing technique through the addition of multiple elements. 
PA Probe 
Instead of a single element, PA probes contain many individual elements, usually from 16 to 256. 
The pulsing of the individual elements is software controlled. Individual wave fronts from each 
element interfere and combine to form a unified wave front. It is important that a wedge is used 
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with a phase array probe, to allow the consistent formation this unified wave front before it 
reaches the test piece. 
Wedges 
To ensure the consistent formation of a wave, and to isolate noise associated with the vibration 
of the probe housing, a delay line ore wedge is used. These can be constructed out of a number 
of different materials, and are attached to the base of the probe. They also have the benefit of 
protecting the base of the expensive probe from wear and tear. PA probes are designed to work 
with a wedge attached. Water wedges use pressurized water pumped to the base of the wedge as 
a couplant during scanning. 
 
Figure 7: Typical PA Wedges - Note the water wedge on the right, with clear water hose 
PA Beam Steering 
As the elements are software controlled, a number of new capabilities are available compared to 
conventional UT. These include the following: 
 The beam angle, focus distance and focus point size are all software controllable. 
 Higher speed scans are possible, and multiple scan types can be made at a single point 
without physically moving the probe. (Olympus, 2016) 
The diagram below shows how the timing of the phasing controls the angle of a wavefront, focal 
distance and focus point size. Note that for the analysis of thin composite structures, beam 
steering was not deemed necessary. Conventional UT requires the use of an angled wedge to 
steer the beam. 
 
Figure 8: Phased array beam steering, and focus manipulation. (Olympus, 2016) 
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Interpreting results 
During a scan, the MX2 will create and store thousands of individual A-scans and use these to 
build up a rough 3D model of the scanned region. 
The MX2 has a number of different layouts for displaying the scan data. A results screen showing 
each display format is shown below: 
 
Figure 9: Top left: C-scan | Top right: S-scan | Bottom left: B-scan | Bottom right: A-scan 
Top right shows the S-Scan. The S-Scan stacks each element’s A-Scan into a single image. 
During scanning, it shows the user what is being detected directly underneath the probe. This 
scan should be referred to during initial damage detection as it contains all the data the probe is 
generating. Each vertical line of pixels in a S-Scan represents a single A-Scan. 
Top left is the C-Scan. This represents a cross-section top view of the scanned area at a user 
selected depth range. This depth range is selected using the gate. The C-Scan only uses data the 
gate, it should not be used to during the initial search for damage, it does not contain all the data 
the probe is generating. Each point on a C-Scan represents an individual A-Scan. 
Bottom left is the B-Scan. This represents a cross-sectional side view of the scanned area. This is 
selected using the data cursers. Similar to an S-Scan, each vertical line of pixels corresponds to 
and individual A-Scan. 
Bottom right shows the A-Scan. During scanning, a single user selected element in the PA probe 
is used to generate the A-scan. The data cursers (blue lines) are used to select where the A-Scan is 
pulling its data from. 
Gate 
(very small in 
this case) 
Data Cursers 
(blue lines) 
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Figure 10: PA Scanned Section - 3D Representation 
Figure 10 is a 3D representation of the scanned section, showing the orientation of each scan 
within the scanned region. 
During post processing, the S-Scan, B-Scan and C-Scan ‘slice’ can be changed on the MX2 
using the data cursers and the gate. This also demonstrates the huge amount of data that is 
generated during a Phased Array scan. If more detailed post processing of many scans is required, 
the software package TomoView should be used for its greater efficiency. 
Rectification 
 
Figure 11: Rectification Types: From left to right: RF , Full Wave, HW+, HW- 
Rectification is signal processing technique used to analyse and modify raw RF signals. Full wave 
rectification displays positive and negative echoes on the positive side of the base line, a similar 
concept to the absolute value of a number. Half wave positive and negative rectification shows 
the only positive and negative peaks respectively of an RF signal above the baseline. The rectified 
signals are smoothed into a single peak by default on the MX2. Full wave rectification is 
commonly used during flaw detection as is the default setting on the MX2. Note that the RF 
waveform is not accessible on the MX2 when using PA probes. (Olympus, 2016) 
  
S-Scan 
C-Scan 
B-Scan 
Direction of Scan 
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2.3 Composite Materials 
By definition, a composite is a material made with two different materials, such that the final 
properties of the composite are significantly different to the individual materials. 
Carbon Fibre Reinforced Polymer (CFRP) 
Graphite (carbon) fibres are combined with a polymer epoxy glue (matrix) to create a ply. 
Individual plys are then stacked and bonded together to create a laminate. These laminates are 
exceptionally strong and light, and are replacing metal in many applications. Ply weaves, fibre 
types and laminated layups and matrix properties can all be varied. CFRP laminates are very 
susceptible to out of plane stress, e.g. relatively light impacts in the out of plane direction may 
cause damage to the fibres or inter-ply bonds, greatly reducing the mechanical property of the 
structure. 
Sandwich Structure 
Two thin, stiff skins are attached to a light weight but thick core. The resulting structure is very 
light and strong, and very resistant to bending. Sandwich structures are also prone to impact 
damage, causing crushing of the core, and damage to the skins. 
 
Figure 12: Typical Sandwich structure - Thin skins, thick metal core 
Barely Visible Impact Damage (BVID) and Delaminations 
BVID is when an impact to a structure causes damage that is not visible on its surface. This type 
of damage is very dangerous as it can be easily missed. This damage very common with 
composites, for example a mechanic dropping a tool causing delaminations and cracking below 
the surface, but with to damage to the surface. Specifically, a delamination is the separation of 
plys in a laminate structure. Delaminations have a negative impact on the material properties of 
the laminate. If they are not detected, the part may fail unexpectedly during operation. 
 
Figure 13: Demonstrates large amounts of inter laminate damage behind a small surface damage 
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2.4 Literature Review 
The literature review contained in this section has been written in the form of an annotated 
bibliography. 
It contains a short section on the theoretical background of PAUT research using papers 
obtained from open literature. The articles selected for review have been analysed in order of 
relevance to the Thesis. At the end of each review, conclusions are made that relate the research 
to this Thesis. 
ULTRASONIC CHARACTERIZATION OF DEFECTS AND DAMAGE IN THICK 
COMPOSITES 
(Daniel, I., & Wooh, S.-C. (1990). Ultrasonic Characterization of Defects and Damage in Thick 
Composites. Review of Progress in Quantitative Nondestructive Evaluation, Vol. 9 , 1489-1496) 
The authors begin by first mentioning the limitations of UT for thick composites i.e. poor 
penetration and high attenuation, but concede that UT is still the most promising form of NDT 
for these materials. Note this study was conducted in 1990; UT for composites has proven to be 
effective since. In the study, the authors have focused on three types of damage; embedded 
delaminations, matrix cracks, and porosity with cracks. Three specimens were produced with 
these defects. 
 
Figure 14: Diagram of setup – Specimen with embedded delaminations (Daniel & Wooh, 1990) 
The authors decided that a through transmission setup would be used, as the specimens was 
deemed too thick for pulse echo scanning. C-scans of the specimens were produced, and the 
effectiveness of the detections was discussed. The author states that one of the disadvantages of 
this method is the long scanning time required. This downside has been overcome somewhat 
since the introduction of the faster scanning PA. Detection of the delaminations and matrix 
cracks were successful. The last specimen with extensive porosity and matrix cracks resulted in 
attenuation that was too high for effective imaging using the convention UT setup. Whilst it was 
not properly imaged, the authors concluded that the attenuation was a sensitive measure of 
porosity. 
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Whilst this article is focused on thick composites, the experimental process and certain sections 
are of relevance to this Thesis. This article gave insight into the conventional methods of UT, 
and some limitations that were encountered, and that are still encountered today (regarding 
conventional UT). The experimental process used in the report, such as deciding on samples, 
testing the samples, and the types of damage investigated are relevant to this Thesis. The pulse 
receive method of producing C-scans with conventional UT will be used when comparing 
conventional UT with PAUT instead of through transmission. 
EXPERIMENTAL STUDY OF THE IMPACTOR MASS EFFECT ON THE LOW 
VELOCITY IMPACT OF CARBON/EPOXY WOVEN LAMINATES 
(Artero-Guerrero, J., Pernas-Sánchez, J., López-Puente, J., & Varas, D. (2015). Experimental 
study of the impactor mass effect on the low velocity impact of carbon/epoxy woven 
laminates. Composite Structures, 774-781.) 
This paper is closely related to how the defective CFRP samples that have been scanned during 
the course of the project. It goes further and produces C-Scans of these sample using 
conventional UT and then PA C-Scans as verification. The authors begin by stating that CFRP’s, 
whilst having exceptional mechanical properties, lack resistance to impacts perpendicular to the 
laminate plane. This damage is common during a products service life, and not always externally 
visible, hence the requirement for UT.  
The damage from different impact masses and structures were scanned using conventional UT. 
The results are shown in the figures below.  
 
Figure 15: C-scans, different impact masses and energies | Left – 30 plies laminate | Right – 20 plies laminate ( Artero-
Guerrero, Pernas-Sánchez, López-Puente, & Varas, 2015) 
The Olympus Omniscan SX was used to produce C-scans. The 20J impact on the 30 ply laminate 
was scanned, results are shown below: 
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Figure 16: C-scan and B-scan of 30 plies, 20J impacts ( Artero-Guerrero, Pernas-Sánchez, López-Puente, & Varas, 
2015) 
It was concluded that the damage of the samples after impact are a function of impact energy, 
not impact mass. Whilst this paper was not explicitly focused on the detection capabilities of the 
phased array, it does compare UT and PA and concludes that they both produce similar results in 
this case. This paper is also important in gaining a better understanding of the mechanics of low 
velocity impact damage to composites. 
COMPARISON OF NON-DESTRUCTIVE TESTING METHODS ON DETECTION 
OF DELAMINATIONS IN COMPOSITES 
(Cheng, L., & Tian, G. (2012). Comparison of Nondestructive Testing Methods on Detection of 
Delaminations in Composites. Journal of Sensors, 7) 
This article compares different methods of NDT, focusing on the detection of delamination in 
CFRP components. The following methods are discussed; UT, eddy current scanning, flash 
thermography and pulsed eddy current simulated thermography. Whilst this Thesis is only 
concerned with comparing conventional UT and PA, this article is relevant in the way the 
experiment is performed, the presentation of the results, and the comparisons and conclusions 
made. It does not cover a large number of samples and damage types, choosing to limit the 
samples and focus more on comparing NDT methods. A CFRP plate with man-made 
delaminations was produced and tested. The delaminations had different known diameters and 
were placed at various depths in the sample. 
 
Figure 17: PA sector scans – detection of each delamination shown, graph showing actual and measured delamination depth. 
(Cheng & Tian, 2012) 
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The PA was able to detect all the delaminations, but it was concluded that it was not accurately 
able to detect the depth. This was blamed on the thin layered structure. The experiment 
demonstrated and concluded the following limitations of UT in composites: 
 The wave scatters and reflects in composites 
 Wave is not able to penetrate far into material, large losses 
 Thin samples result in inaccurate depth measurements 
 Couplants required 
These conclusions are very relevant to this Thesis. Some of limitations have already been 
discovered in the first semester of work. Using the MX2 and different probes, this Thesis will 
attempt to test if possible, overcome these conclusions and determine the full capabilities of the 
newer MX2. 
COMPARATIVE EVALUATION OF AEROSPACE COMPOSITES USING 
THERMOGRAPHY AND ULTRASONIC NDT TECHNIQUES 
(Theodorakeas, P., Avdelidis, N., Cheilakou, E., & Koui, M. (2015). 4.5 Comparative evaluation 
of aerospace composites using thermography and ultrasonic NDT techniques. The 
International Society for Optical Engineering.) 
The paper compares two NDT techniques, infrared thermography and PA, using a single element 
probe and a 128 element probe. Three samples with various defects were produced, and the 
results of each method were compared. 16 mm thick CFRP and hybrid carbon/glass/polyester 
samples were made, along with a 9 mm thick sandwich honeycomb structure. 
The single element and the 128 element probe were both 5 MHz. These were attached to a raster 
scanning trolley system, with the probes immersed during scanning. The results of these scans are 
shown in the figures below: 
 
Figure 18: CFRP – Left c-scan produced by single element probe | Right c-scan produced by linear phased array 
(Theodorakeas, Avdelidis, Cheilakou, & Koui, 2015) 
The paper concludes that thermography and both forms of UT are able to effectively detect and 
characterize damage at different depths in composite structures. It concludes that UT testing 
requires a much longer time than thermography, and states the benefit of multiple element 
probes reduce the scanning time for UT. It states UT requires an encoding system for finding the 
exact location of damage. 
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The importance of an effective encoding system to ensure the precise locating of damage was 
made clear in this paper. The ability for a multi element probe to reduce scanning times was 
demonstrated. The conclusions regarding the importance of and encoding system will be 
explained in the SOP’s. 
NON-DESTRUCTIVE EVALUATION OF CARBON FIBRE REINFORCED 
COMPOSITES WITH INFRARED THERMOGRAPHY AND ULTRASONICS 
(Meola, C., Boccardi, S., Carlomagno, G., Boffa, N., Monaco, E., & Ricci, F. (2015). 
Nondestructive evaluation of carbon fibre reinforced composites with infrared 
thermography and ultrasonics. Composite Structures, 845-853) 
This paper uses a thermal video camera to perform Infra-Red Thermography (IRT) to monitor 
the CFRP during impact. PAUT and IRT were then used after the impact to verify the damage to 
the material. It was concluded that the two techniques detected damage and validated each other. 
The authors concluded that the PA C-Scan was effective in showing a total view of the damage, 
and the S-scan was effective in determining the depth of the damage. The paper concludes by 
stating that using IRT during the impact event is advantageous and should be preferred to the 
impact-PA NDT process. For reference, the impact PA NDT process is as follows: impact the 
specimen followed by UT scanning. The specimens are impacted with different energies in 
different zones, with scanning between impacts. 
 
Figure 19: C-scan (left) and S-scan (right) showing detected impact damage (Meola, et al., 2015) 
The use of PAUT to verify and classify damage in CFRP is relevant to this Thesis, it provides a 
good example of the experimental process and good explanations of PAUT theory. 
NON-DESTRUCTIVE DETECTION AND CHARACTERIZATION OF DAMAGES 
IN HONEYCOMB COMPOSITE STRUCTURES 
(Foreman, C. (2008). Nondestructive detection and characterization of damages in honeycomb 
composite structures. Retrospective Theses and Dissertations, Iowa State University, 224.) 
This paper provides a very in-depth description of the damage types typically found in 
composites. It is focused on conventional UT only, and provides very good background 
knowledge on the topic. Testing was performed on honeycomb composite structures using 
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various different NDT techniques, such as UT, thermography, shearography, and low frequency 
techniques including the tap test and mechanical impedance. These techniques were then 
compared to hysteresis, where a specimen is loaded and force displacement is compared to an 
undamaged specimen. Regarding UT, it was concluded by the author that the technique was a 
good reliable reference for detecting damage. A FFT was applied to the C-scans to clean up and 
highlight that damage in the confusing images of the honeycomb structure. 
 
Figure 20: Left – Original C-scan |Right – Filtered image (Foreman, 2008) 
PHASED ARRAY SCANNING OF ARTIFICIAL AND IMPACT DAMAGE IN 
CARBON FIBRE REINFORCED PLASTIC (CFRP) 
(Nageswaran, C., Colin R Bird , C., & Reiko Takahashi, R. (2005). Phased array scanning of 
artificial and impact damage in carbon fibre reinforced plastic (CFRP). BINDT conference.) 
The paper uses PAUT to detect and characterize common manufacturing and in-service defects 
in CFRP. Defects scanned were artificial and impact induced delaminations, and manufacturing 
induced porosity. Scans were performed using a 7MHz 16 element Pa probe. All three defects 
were easily detected and characterized. The paper discusses advantages of PA’s, mainly that PA’s 
reduce scan times compared to conventional UT. The author also notes the disadvantage of 
having to use a couplant.  
 
Figure 21: Artificial delamination and porosity detected (Nageswaran, Colin R Bird , & Reiko Takahashi, 2005) 
The layout and content of this article provide a good example of the display of results. Only one 
probe was used, the benefit and effects of different probes and setups was not considered. 
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INSPECTIONS OF HELICOPTER COMPOSITE AIRFRAME STRUCTURES 
USING CONVENTIONAL AND EMERGING NON-DESTRUCTIVE TESTING 
METHODS 
(Liew, C., Veidt, M., Rajic, N., Tsoi, K., Rowlands, D., & Morton, H. (2011). Inspections of 
Helicopter Composite Airframe Structures using Conventional and Emerging 
Nondestructive Testing Methods. Journal of Testing and Evaluation, 1-12.) 
This paper systematically compares the detection ability of different NDT technologies on typical 
helicopter parts. An extensive number of components with fabricated defects were tested. The 
NDT techniques compared in this paper are: flash and sonic thermography, radiography, 
different ultrasonic inspection modes including pulse-echo, through-transmission, and phased 
array. (Liew, et al., 2011) 
 
Figure 22: Effective formatting | Results table for different NDT (Liew, et al., 2011) 
Focussing on the results of PA’s, it was shown that PAUT was successful in detecting most 
defects. It was found that samples with mesh and artificial skin-core disbands were not detected 
using the PA. Through transmission UT was able to detect this defect. It was concluded that the 
defect was below the detection sensitivity of the PA. (Liew, et al., 2011) It was concluded that 
overall, PA’s had better detection sensitivities than the conventional UT setup used for the study. 
This study is very relevant to the Thesis. It provides a great starting point for the characterization 
of different types of damage and the capabilities of PA’s. It demonstrates a good method of 
displaying results. 
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2.4.1 Literature Conclusions 
After reviewing current literature related to this thesis, a number of relevant conclusions can be 
made. 
 Regarding the presentation of results: many of the results have been presented as C and S-
scans, or simply whether damage was detected or not.  
 
Figure 23: Example of presentation of test results (Liew, et al., 2011) 
 The scans produced by NDT are being judged by a human operator, the process is not 
automated. The relevance of specific amplitude values obtained during testing is secondary to 
the clarity of the images produced, and whether the human operator is able to detect damage. 
Because of this it has been decided that the results of the analysis conducted in this Thesis 
will also be shown as images, and specific values of echo amplitudes will not be recorded. 
These images are more easily understood, and also contribute to the learning process for 
future operators, whilst still validating certain setups and procedures. 
 The detection capabilities of various NDT techniques have been compared against each 
other. 
 There is a need to perform and document a comprehensive analysis of the detection 
capabilities of a modern PA such as the MX2, as this information is not accessible by UQ 
Composites. 
 The use of UT for the testing of aerospace composites appears to be growing, especially the 
use of PA’s. UT will remain a relevant and cutting edge NDT method for the foreseeable 
future. 
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CHAPTER 3 - EXPERIMENTAL PROCEDURE 
During the course of the project, a method for detecting damage and producing scans with the 
MX2 was developed through learning and trial and error. This knowledge has been used to create 
the experimental procedure. 
In this chapter, the experimental procedure is described; and justification is given for the choice 
of the analysis process. 
The various pieces of equipment used during the experimental investigation are introduced. 
The samples used during for the investigation are introduced. 
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3.1 Equipment 
A selection of ultrasonic testing equipment is owned by UQ. This section introduces the 
equipment used during this project. Note that this only represents a small sample of the huge 
number UT products on the market. 
Omniscan MX2 
The Omniscan MX2 represent the most modern and versatile phased array flaw detector offered 
by Olympus. It is compact, toughened modular unit, with internal batteries to allow for testing in 
any location. It features a full colour touchscreen for ease of use, and is designed to work with a 
vast number of different PA probes. The MX2 will continue to be a cutting edge machine for 
many years, and will continue to gain capabilities in the future as software updates are released. 
(Olympus, 2016) 
 
Figure 24: Olympus Omniscan MX2 Phased Array Flaw Detector 
 
Figure 25: Typical lab setup of the MX2, with probes and samples visible 
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Phased Array Probes 
There are a huge number of PA probes currently available. Whilst a UT machine (such as the 
MX2) may only be updated once every 5-10 years, new probes are constantly being designed for 
specific applications and released to market. The probes obtained by UQ Composites are 
introduced below, and represent a small selection current of general purpose probes. 
10L32 SA10 – OL 
This probe has the highest frequency and the smallest scanning width of the three probes. It can 
be attached to the Mini-Wheel encoder to track the scanning process. It does not have a water 
wedge, a couplant must be applied manually during scanning. 
 
Figure 26: 10L32 probe with SA10 – OL Rexolene wedge attached (Left). The Mini-Wheel encoder can be attached 
(Right). 
 Frequency  = 5 MHz 
 Elements  = 32 – linear 
 Scanning Width = 64 mm 
 Wedge   = SA 12 – SNW1 – OL – AQ25, Aqualene water wedge 
5L60 – SA 12 – OL 
This probe has the greatest number of elements of the three. It is attached to a Rexolene water 
wedge. This wedge can also use couplants other than water during scanning. This wedge can be 
attached to the VersaMOUSE encoder to track the scanned area. The setup for the VersaMouse 
encoder is included in the SOP. 
  
Figure 27: 5L60 Probe with SA 12 - OL Rexolene water wedge attached(Left). It can be attached to the VersaMOUSE 
encoder to track scanning distance. 
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 Frequency  = 5 MHz 
 Elements  = 60 – linear 
 Scanning Width = 60 mm 
 Wedge   = SA 12 – OL Rexolene water wedge 
5L32 SNW1 – OL – AQ25 
This probe represents a compromise between the other two probes. It has a large scanning width, 
but a smaller number of elements. The wedge design does now allow for other couplant to be 
used, water has to be pumped through the hoses to ensure sound transmission. Aqualene is a soft 
rubbery material designed to have the same sound speed as water The Aqualene insert is recessed 
into the face of the wedge, it does not contact the scan surface. This design effectively removes 
the echo usually associated with the end of the wedge, allowing for better near surface resolution. 
  
Figure 28: 5L32 Probe with SNW1 – OL – AQ25 Aqualene water wedge attached(Left). It can be attached to the 
VersaMOUSE encoder to track scanning distance (Right). 
 Frequency  = 5 MHz 
 Elements  = 32 – linear 
 Scanning Width = 64 mm 
 Wedge   = SA 12 – SNW1 – OL – AQ25, Aqualene water wedge 
Conventional UT Probe and XY Raster Scan  
The conventional UT probe chosen had frequency of 5MHz. This was attached to a V-Slot 
CoreXY raster scan system for the purpose of creating C-Scans in the future. The CoreXY kit 
contains stepper motors to control the motion, but these were not installed during this project. A 
future project may expand on this capability. The Mini-Wheel encoder was used to track the scan 
in the X direction, and the Y direction was manually indexed using the MX2 interface. A 3D 
printed holder for the UT probe was fabricated that allowed the conventional UT probe to be 
attached to the SNW1 – OL – AQ25 water wedge.  
 
Figure 29: 5MHz Conventional UT Transducer 
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Figure 30: V-Slot CoreXY Raster Scan Setup 
The images below show the setup of the raster scan. The 3D printed transducer holder is green, 
the Mini-Wheel encoder can be seen above the holder on top of the v-slot. This system was used 
to obtain scans for the conventional transducer. 
   
Figure 31: Final raster scan setup 
3.2 Overview of Test Samples 
Two test pieces with artificial delaminations were chosen to perform detailed testing on. Artificial 
delaminations are used to simulate damage composites for the purpose of testing. Impact damage 
in composites produces delaminations between plys. Teflon inserts are used extensively to 
simulate this damage. Artificial delaminations are created during manufacturing by placing the 
Teflon inserts between the plys in a laminate. 
The samples are described below. The blue squares show the location and size of the artificial 
delaminations. Note: The graphics are not to an exact scale. 
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Airbus Calibration Block 
 
Figure 32: Airbus Calibration block defect pattern 
A composite calibration block was manufactured by UQ Composites for Airbus Helicopters a 
number of years ago. The block was manufactured using CFRP and is This block has many 
different sized artificial delaminations throughout the block, at different depths. Note that the 
grey side of the block represents a different surface finish. It has been very useful as a tool for 
learning to operate the MX2 due to its low attenuation, smooth surface finish and highly 
reflective damages. The Airbus block is not a good sample for demonstrating the effectiveness of 
a TCG curve because of its low attenuation; instead it was chosen to represent an ideal composite 
sample. The block is 7 mm thick. The exact composition of this block is propriety to Airbus. 
Highly Attenuating Thin Plate (HATP) 
Compared to the Airbus Block, the HATP represent a more realistic example of a thin composite 
plate. Made with UD pre-preg CFRP, it has very high levels of attenuation, and a very ‘noisy’ or 
dirty response when scanned with the MX2. It has a rough surface finish. It is 2.8mm thick. 
Made up of 8 plys, the delaminations are between plys 2-3, 3-4 and 6-7. 
 
Figure 33: Highly Attenuatin Thin Plate defect pattern 
3.3 Testing Procedure 
3.3.1 Initial Settings Applied – Probe Fixed to Sample 
The focal law for the probe and the sample properties were generated on the MX2 for each 
probe and plate combination. This process is presented in detail in the SOP in Appendix 1. The 
values for voltage and gain were set to their lowest values to represent a default setting, and 
rectification was left to the default setting (FW with no filter). The probe was fixed in place over 
a known damage. 
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Probe Placement on the HATP 
The probes were placed over a known damage and fixed in place. Their locations and relative size 
compared to the damage is shown in the figure below. 
 
Figure 34: A cross-section of the HATP area being scanned with relative probe location shown.  
(Left to right: 5L32, 5L60, 10L32)  
The HATP is shown as blue, the delamination location and shape is shown as yellow. Due to the 
small size of the 10L32 probe, is was placed on the edge of the damage, so both the back wall 
and damage echoes could be received in a single scan. The 5L32 and 5L60 probes were wide 
enough to cover the damage and 
Probe Placement on the Airbus Calibration Block 
A near surface and mid-thickness delamination were chosen to be scanned. The cross section 
being scanned is shown by the figure below: Note: Only the mid thickness delamination was able 
to be scanned during the testing of the 10L32 probe. The detection of the surface delamination 
using the final settings was confirmed after the scan test was completed for this probe. 
 
Figure 35: A cross-section of the Airbus Block area being scanned with relative probe location shown. (Left to right: 5L32, 
5L60, 10L32)  
Method for Securing the Probe to the Sample 
The probe was fixed in place during the scanning process and data acquisition process. A good 
coupling between the probe and the sample was made before the testing began, and the quality of 
this coupling was monitored during. The probe was secured using tape and weighed down using 
weights to ensure contact.  
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Figure 36: Probe secured to sample using the green tape (weights not shown) 
3.3.2 Vary Setting and Record Results 
The flowchart below shows the orders in which the settings on the MX2 were varied. If a 
satisfactory image was obtained at any point during this process, the process was stopped and the 
results and final settings were recorded. 
 
Figure 37: Decision process used to generate results using the MX2 
During each test, it was decided subjectively which setting provided the best results. As each 
element of a PA probe is producing an A-scan, and each test piece will be unique, finding exact 
values such as reflection percentages and gate values would not be useful.  
S-Scans were used as all the data being generated by the probe is being displayed. Compared to a 
C-Scan where only a slice of data is shown. 
This process was developed during the course of the project. The SOP’s contain in detail the 
instructions for how to use the MX2 and how to vary each the settings shown above. 
It is important for the reader to understand is that the process and the considerations made at 
each step that will result in the reliable detection of damage, and not the individual values of the 
settings for a specific case. 
At each step, the results of varying each setting have been shown, and justification for the 
selection of a certain result has been given. This justification is embedded within the results 
section. 
Best 
Results Voltage 
Gain 
TCG 
Best 
Results 
Rectification 
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3.3.3 Naming Convention – Global Gain vs Time Corrected Gain (TCG)  
Global gain refers to adjusting the gain without using a TCG. The gain at all depths is lifted by a 
user defined value. 
TCG refers to gain that varies with depth. The user creates a TCG ‘curve’ that increases the gain 
through the depth of the sample. 
For the purpose of clarity in the report, a naming convention was created to differential between 
two typical TCG setup methods. This is shown in the figure below. 
The procedure for setting up a TCG curve is simple and is explained in the SOP contained in 
Appendix 1. 
The curve will have two points, at the front wall, or just inside the front wall, and past the back 
wall echo of the sample. TCG Setup 1 will have the first point fixed to a gain of zero, while TCG 
Setup 2 will have the first point fixed to a value that exposes the front wall. This will be based off 
optimal global gain for the front wall echo. 
For reference, the difference between TCG Type 1 and 2 is shown in the image below. The TCG 
‘curve’ is shown by the thin red lines. The arrows show to user defined points. Increasing the 
gain at these points increases the point’s ‘height’ on the display. 
 
Figure 38: TCG Type 1 (left) and 2 (right). The TCG ‘curve’ is shown by the red lines, its height represents the gain level. 
3.3.4 Conventional UT scanning 
The conventional probe was scanned over the top of a known delamination to produce single 
value B-Scans. These are similar in appearance to S-Scans and provide a good comparison of 
detection capabilities. 
 
  
P1=0dB 
P2 varies P1 > 0dB P2 Varies 
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CHAPTER 4 - RESULTS AND DISCUSSION 
The discussion has been embedded within the results section. 
Each of the final results for a plate and probe combination obtained during the experiment has a 
correspond setup file saved to the MX2. 
Full results that were not included in this section have been placed into Appendix 1. 
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4.1 Effect of Changing Aperture – Element Quantity 
To demonstrated. test the effect of changing the aperture size, the Airbus block was used. A 
phased array probe does not fire all of its elements at the same time. It will step across the array 
using a group of elements, starting and ending at the first and last element. The aperture of a 
phased array probe refers to the size of the group of elements firing during this process. This is 
electronically controlled and happens in the fraction of a second. The effect of changing the 
aperture is shown below. 
Table 1: 5L60– Effect of Aperture Size on Image Quality 
Number of Element in Aperture 
1 2 4 8 16 20 30 
       
It can be seen that a good image is produced when the number of elements selected falls between 
4 and 8. An optimal aperture size of 6 was selected. 
Through further testing, it was shown that and aperture of 4 to 8 for each of the PA probes was 
effective. 
4.2 Initial Setup Parameters 
Each PA probe was set to the following initial parameters: 
UT settings 
General: Start=-1mm: Range=8mm for Airbus, 4 mm for HATP: Gain=8 
Pulsar: Energy=40 (initial setting) 
Receiver: Filter=none (initial setting): Rectifier=FW (initial setting) 
Water pumped through the water wedge and used as a couplant during scanning. For the 10L32, 
Couplant B was used. 
4.3 Sandwich Structures 
It was determined early during the project that the MX2 is not physically capable of detecting 
damage in sandwich structures, specifically the bonding between the core and the skins, and the 
health of the core. This is a technological limitation, not an operator limitation. Olympus has 
other products such as the Bondmaster specifically for performing NDT of sandwich structures. 
The Bondmaster uses a different technology to the MX2 and is able perform damage detection 
scans of sandwich structures. 
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4.4 Results for the 5L60 – SA12-OL 
 
Figure 39:5L60 Probe– SA 12 – OL Wedge 
4.4.1 Airbus Calibration Block Results 
A) Changing Pulsar Voltage 
The lowest voltage possible that still produces a strong back wall echo was chosen to ensure that 
image quality is retained. If the back wall is not detected using the voltage, a TCG curve may 
need to be used. 
Table 2: 5L60 – Effect of Voltage on the Airbus Block 
 
Voltage (v) 
40 80 115 
S
-S
ca
n
 
   
115 volts produced a dirty and overexposed image, this could be useful if we were trying to 
inspect the composite layers, but the delaminations that are the subject of this inspection are 
overexposed. 80 volts produces a good image, but the delaminations are still overexposed and 
information is lost. 40 volts produces the cleanest image, with a good level of detail in the 
delaminations and strong back wall echo. 
B) Rectification 
The Airbus Calibration block is an exceptionally ‘clean’ sample, rectification did not improve the 
quality of the image. Regardless, the effect of varying this setting is shown in the following table. 
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Table 3: 5L60– Effect of rectification on the Airbus Block 
  Filter (MHz) 
  None 1.3 4.3 8 10.5 12 
R
ec
ti
fi
ca
ti
o
n
 
F
W
 
 
     
From these results is can be seen that the choice of rectification has very little effect on the 
image. The choice of filter has a big effect on the final image, but in this case, having no filter 
produces the best result for each rectifier. 
C) 5L60 Final Setup Result for Airbus Calibration Block 
 
Figure 40: Final image of Airbus block obtained using the 5L60 probe 
No change was made to the default settings to produce a very high quality image. This is unusual. 
This suggests high levels of penetration at very low voltage and gain, potentially as a result of the 
high number of probe elements creating a relatively strong wavefront. 
4.4.2 Highly Attenuating Thin Plate (HATP) 
A) Changing Pulsar Voltage 
Table 4: 5L60 – Effect of Voltage on the HATP 
 
Voltage (v) 
40 80 115 
S
-S
ca
n
 
   
It can be seen that a back wall echo is not being detected at low voltages. As the plate is very thin, 
this suggests high attenuation. The first goal of the testing procedure is to obtain a back wall 
echo. 
Notice the back wall starting to appear on the right of the image when voltage is 115v. 
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Also notice the strong front wall echo, suggesting that the sound is not penetrating and is being 
reflected. This gives the user a first clue that the material is highly attenuating. 
As the probe is intentionally placed over a delamination, no back wall echo is expected below this 
damage. The back wall echo can be seen on the right side of the S-Scan 
The highest voltage setting produces the best back wall echo, therefore it was selected. 
B) Rectification 
Table 5: 5L60 - Effect of rectification in the HATP 
  Filter (MHz) 
  None 1.3 2.3 4.3 8 12 
R
ec
ti
fi
ca
ti
o
n
 
FW 
      
This is a great example demonstrating the usefulness of filtering. The full wave rectification and 
band pass filter of 1.3MHz does an incredible job of cleaning up the image and isolating the 
damage. The HW+ and HW- at 1.3 MHz also provide good results, but introduce image artefacts 
above and below the delamination respectively (full results shown in Appendix 2). 
C) Gain 
Table 6: 5L60 - Effect of Gain and TCG on the HATP 
 Gain – Added to initial baseline value of 8dB 
 +0 +2 +4 +6 +8 +10 
Globa
l Gain 
  
   
 
TCG 
Type 
1 
      
An additional 2dB of gain over the baseline level of 8dB provided the best result for the global 
gain. Above this value, the delamination begins to overexpose and lose information. 
For TCG T1, the best result occurred with an additional gain of +6dB at a point place on the 
back wall. 
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D) 5L60 Final Setup Result for HATP 
Table 7: 5L60 - Airbus Block - Final Result 
Initial Image Voltage (115v) Recification FW 1.3MHz Gain TCG T1 (+6) 
    
Final image on the right. This setup is saved on the MX2 as: 5L60_AirbusBlock.ops 
4.5 5L32 Element Probe 
 
Figure 41: 5L32 with Aqualene water wedge attached 
4.5.1 Airbus Calibration Block Results 
A) Changing Pulsar Voltage 
Table 8: 5L32 - Effect of Voltage on Airbus Block 
 
Voltage (v) 
40 80 115 
S
-S
ca
n
 
   
115v provides the strongest return echo. The return echoes at 80v are not as strong, but the back 
wall echoes have a similar response to the front wall. This is desirable, and 80v was selected to 
allow for more range when adjusting the gains. Using 115v in this case would have also been 
adequate.  
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B) Global Gain 
Table 9: 5L32 - Effect of Gain on the Airbus Block 
 
Gain – Added to initial baseline value of 8dB 
+0 +2 +4 +6 +8 +10 
Global 
Gain 
      
Setting the gain to +6dB highlights the delaminations and the back wall without overexposing the 
front wall delamination. 
C) Rectification 
Table 10: 5L32 - Effect of Rectification on the Airbus Block 
 
Filter (MHz) 
None 1.3 2.3 4.3 
R
ec
ti
fi
ca
ti
o
n
 
FW 
    
HW
+ 
    
Applying the HW+ rectifier has desired effect of isolating the surface delamination from the 
front wall. This is an important consideration when attempting to perform an effective C-Scan. 
Leaving the rectification on the default FW also provides a good result 
D) 5L32 Final Setup Result for Airbus Block 
Table 11: 5L32 - Final Setup Results for Airbus Block 
Initial Image Voltage (80v) Gain (+6) Recification HW+ 
    
This setup is saved on the MX2 as: 5L32_AirbusBlock.ops 
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4.5.2 Highly Attenuating Thin Plate (HATP) Results 
A) Changing Pulsar Voltage 
Table 12: 5L32 - Effect of Voltage on the HATP 
 
Voltage (v) 
40 80 115 
S
-S
ca
n
 
   
115v provides a good image. 80v was selected to allow for greater versatility when varying the 
gain, to avoid the front wall overexposing if using TCG. 
B) Time Corrected Gain (TCG) 
Table 13: 5L32 - Effect of Gain on the HATP 
 
Gain – Added to initial baseline value of 8dB 
+4 +8 +12 +16 +20 +24 
TCG 
Type 
1 
      
TCG T1 with the second point at +16 dB produced the best result. Above this value, the back 
wall begins to overexpose. 
C) Rectification 
Table 14: 5L32 - Effect of Rectification on the HATP 
 
Filter (MHz) 
None 1.3 2.3 4.3 
R
ec
ti
fi
ca
ti
o
n
 
FW 
    
The FW rectification with 2.3MHz band pass filter produces the best image. The damage and the 
back wall are both highlighted without becoming overexposed or faint. 
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E) 5L32 Final Setup Result for HATP 
Table 15: 5L32 - Final Setup Results for HATP 
Final Proccess Results 
Initial Image Voltage 80v Gain TCG T1 (+16) Recification FW 2.3MHz 
    
This setup is stored on the MX2 as: 5L32_HATP.ops 
4.6 10L32 Element Probe 
 
Figure 42:10L32 probe with SA10 – OL wedge 
4.6.1 HATP 
A) Changing Pulsar Voltage 
Table 16: 10L32 - Effect of voltage on HATP 
 
Voltage (v) 
40 80 115 
S
-S
ca
n
 
   
There is no back wall echo appearing for any of the voltages. Therefore, the highest voltage was 
selected. Gain will have to be used to expose the back wall. 
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B) Gain and TCG 
TCG information  – Point 1=0mm 0db 
– Point 2=3.62mm start at +8 
Table 17: 10L32 - Effect of Gain on the HATP 
 Gain – Added to initial baseline value of 8dB 
 +2 +4 +6 +8 +10 +12 
Globa
l Gain 
      
 +8 +12 +16 +20 +24 +28 
TCG 
      
The global gain exposes the front section of the piece adequately, but the second half requires 
more gain. Therefore, a TCG curve was created. The best result was obtained with the first point 
at 0dB and the second point at +24dB. 
C) Rectification 
Table 18: 10L32 - Effect of Rectification on the HATP 
 
Filter (MHz) 
None 1.3 2.3 4.3 8 12 
R
ec
ti
fi
ca
ti
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n
 
FW 
      
Full wave rectification with a 2.3MHz broad band filter produces the best result. The 
delamination is clearly defined, and the back wall echo is clearly visible. 
F) 10L32 Final Setup Result for HATP 
Table 19: 10L32 - HATP Final Results 
Initial Image Voltage (115v) Recification FW 1.3MHz Gain TCG T1 (+6) 
    
This setup is saved as: 10L32_HATP.ops. This probe is very sensitive to changes in settings. 
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4.6.2 Airbus Block 
The following results were a best attempt at producing a good scan of the Airbus block using the 
10L32 probe. 
A) Voltage 
Table 20: 10L32 - Effect of Voltage on the Airbus Block 
 
Voltage (v) 
40 80 115 
S
-S
ca
n
 
   
A voltage of 80 was selected to allow for the gain to be varied without overexposing the front 
wall. 
B) Gain 
Table 21: 10L32 - Effect of Gain on the Airbus Block 
 
Gain (dB) 
8 12 16 
S
-S
ca
n
 
   
Chosen to allow the use of TCG with the front wall and near surface overexposing. 
C) TCG and Final Setup  
TCG Point 1 = 1mm 0dB 
Point2 = 3.72mm 20dB (known back wall distance) 
Point3 = 3.73mm 0dB (to remove unwanted echoes past the back wall) 
Table 22: 10L32 – Airbus Block Final Results 
Initial Image Voltage (115v) Gain +12dB Gain TCG T1 (+20dB) 
    
This setup is saved as: 10L32_AirbusBlock.ops. 
The surface delaminations were detected with these settings.  
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4.7 5 MHz Conventional UT 
 
Figure 43: 5MHz conventional UT probe 
Initial Setup 
UT settings 
General: Start=-1mm: Range=8mm for Airbus, 4 mm for HATP: Gain=0 
Pulsar: Energy=95 (initial setting) 
Receiver: Filter=none (initial setting): Rectifier=FW (initial setting) 
Couplant B was used. 
4.7.1 Airbus Block 
A) Changing Pulsar Voltage 
Table 23: Conventional UT - Effect of Voltage on the Airbus Block 
 
Voltage (v) 
95 175 340 
B
-S
ca
n
 
   
B) Global Gain  
The best setting for gain was found to be +44dB. Note that a small variation either side of this 
value does not have an adverse effect on the detection. 
 
Figure 44: Conventional UT – Effect of Gain on Airbus Block 
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Surface Delamination 
The surface delamination was detected. Shown in the image below. Notice the back wall echo 
disappearing underneath the delamination. The delamination has been circled. 
 
Figure 45: Conventional UT – Near Surface Detection 
C) Rectification -HW+ Filter Effect 
Applying a HW+ filter removes the ‘main bang’, shown by the strong red section in the previous 
image. This helps to further isolate the surface delamination, allowing for easier detection during 
scanning. It also reduces the strength of the back wall echo. 
 
Figure 46: Conventional UT - HW+ Effect 
D) Reduce Voltage 
The voltage was reduced to 175v, to decrease the amount of noise near the surface of the sample. 
The HW+ rectifier was left on. (Compared to previous image, less near surface yellow) 
  
Figure 47: Conventional UT - Voltage 175 - HW+ - Surface (Left) Mid Thickness (Right) 
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E) TCG 
A TCG curve was generated.  Point 1 = 1 mm  0dB 
    Point 2 = 7.72mm 26dB 
Note the HW+ rectifier is still on. 
 
  
Figure 48: Conventional UT - TCG - HW+ - Surface (Left) Mid Thickness (Right) 
At this step, the results are satisfactory. The back wall is well exposed. The surface delamination 
is easily detectable both at the surface and by where the back wall echo decreases. 
This setup is stored on the MX2 as: 5MHz_ConventionalUT_AirbusBlock.ops 
4.7.2 HATP 
The HATP was very difficult to image using the conventional UT probe. The images generated at 
most settings were unusable, and did not show the isolate damage. The following setup was 
found to isolate the delaminations in the HATP. This setup was very sensitive to variation, any 
small change resulted in the delaminations becoming undetectable. This conventional UT probe 
is not recommended for performing an initial damage search in a highly attenuating sample if the 
PA probes can be used. 
Voltage = 175v  
Gain  = 18dB 
Rectification = HW- with 13MHz filter 
TCG Point 1 = 1mm 0dB 
 Point2 = 3.72mm 20dB (known back wall distance) 
 Point3 = 3.73mm 0dB (to remove unwanted echoes past the back wall) 
 
Figure 49:Conventinal UT – HATP Final Result 
This setup is stored on the MX2 as: 5MHz_ConventionalUT_HATP.ops 
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4.8 Comparison of C-Scans 
Below is a selection of C-Scans produced using each of the PA probes. A C-Scan produced using 
the CoreXY Raster with a conventional UT transducer is shown for comparison. Note that while 
the conventional UT C-Scan is of poorer quality compared to the PA, this is purely down to 
operator skill. This could be improved through the automation of the CoreXY raster C-Scan 
process, allowing for much higher resolutions. 
 
Figure 50: 5L60 C-Scan 
 
Figure 51: 10L32 C-Scan 
 
Figure 52: 5L32 C-Scan 
 
Figure 53: Conventional UT CoreXY Raster Scan 
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CONCLUSIONS 
This Thesis has systematically evaluated the damage detection capability of the Olympus 
Omniscan MX2 Phased Array (PA).  
The effect of changing various machine settings, PA probes designs, and material samples on the 
MX2’s capability for effective damage detection has been investigated. 
The MX2 and its PA probes are shown to be very effective at detecting artificial delaminations 
that represent low velocity barely visible impact damage in thin monolithic composite structures 
(0-10mm). 
It was found that the 5L60 probe was the most robust of the three, it was the least sensitive to 
setting changes, and was the easiest probe to setup and detect damage with. It provided effective, 
reliable detection of damage in the HATP. The water wedge design was very effective in 
maintaining a good coupling. This wedge is very versatile, it can be attached to the VersaMOUSE 
encoder, and be used without a water couplant. By virtue of the low levels of voltage and gain 
required to scan the Airbus Block compared to the other probes, the 5L60 shows potential for 
damage detection in thick composite structures. 
The 5L32 probe with its novel wedge material/design provided great near surface detection 
capabilities. The recessed face of the wedge, and the Aqualene material allows the removal of 
echoes typically associated with the back wall of the wedge. This is an incredibly effective design, 
allowing the surface of a sample to be directly analysed. A negative is that its lower number of 
elements with a similar scanning width to the 5L60 results in a comparatively less detailed scan.  
The 10L32 was the most difficult probe to use, requiring a comparatively long of time to setup, 
and not always guaranteeing efficient damage detection. It is recommended that this probe not be 
used during initial damage detection if the other probes are available. Although it requires more 
user experience to effective setup, the 10L32 has shown great potential for producing high quality 
scans of thin composites due to its high frequency and large number of elements relative to its 
small width. 
A brief comparison was made to the detection capabilities of Conventional UT. It has been 
shown that Conventional UT was able to effectively locate known damages. It was also shown 
that its ability to perform a broad area search for hidden damages was inferior to PA UT, due to 
the small size of the single element transducer compared to the larger PA probes.  
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Recommendations 
 Very simply, during initial damage detection it is recommended that the 5L60 or 5L32 probes 
be used, due to their larger scanning width and greater robustness against changes to settings. 
The SOP’s represent my experience with operating the MX2 and in no way represent the 
only method of performing damage detection. These SOP’s should be modified and adapted 
as newer and more effective techniques are developed. 
 Elastomer couplant 
 
Figure 54: New Flexible Couplant Material from Olympus 
Olympus has release a novel product, a dry, flexible elastomer couplant. This is an Aqualene pad 
that can be draped onto a flat or curved surface. It is a dry couplant, so the negatives of using a 
liquid such as penetration into the structure, messy residues, is avoided. Olympus also states that 
custom shapes can be made to order. This is an interesting product that could be used with UQ 
Composites current collection of PA and conventional UT probes, to improve detection 
capability for a wider variety of surface shapes. 
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CHAPTER 6 - STANDARD OPERATING PROCEDURE 
Standard Operating Procedure 
Terms: 
Icon – Button on the touch screen UI. 
Button – Physical button on the machine.  
Power up and Probe attachment 
1. Turn on machine. Note: Probe can be plugged in after machine has powered on, it will still 
AutoDetect. 
2. Ensure probe and wedge contact is consistent, i.e. no bubbles. Place a small amount of 
couplant between the probe and the wedge if connecting for the first time. Couplant B 
(Glycerin) or oil is good for this, doesn’t evaporate. Tighten the attachment screws firmly and 
evenly, no need to over tighten. 
5L32 
The screw heads should be tightened evenly, otherwise 
the Aqualene may deform and the image may not be 
level, giving bad results. 
3. If it is a water wedge, the hose can be attached to a tap or pressurized bottle. The sink and 
tap in room AEB526 has been good for this, it is large it allows for runoff during scanning. 
10L32 5L32 5L60 
A couplant must 
be used. 
The water wedge must be used. 
The screw heads should be tightened evenly, 
otherwise the Aqualene may deform and the 
image may not be level, giving bad results. 
Either a couplant 
or a water wedge 
can be used. 
Focal Law Setup 
Note: The following guide is specifically for thin composite plates. Whilst specific settings will 
change for different samples (thickness, sound speed), this basic procedure can be easily adapted 
for other sample types. 
4. Press the minus (‘-‘) button to show the menu. 
The menu has 3 levels. The first level menu is shown by the dark blue icon located on the top 
left of the UI (File, Wizard, UT Settings, etc.). The second level menu are the icons down the 
left side, third level is the icons along the bottom of the UI. The menus will be referred to in 
the following way: First Level>Second Level>Third Level, followed by a set of instructions 
for this submenu. 
5.  Wizard>Part & Weld>Start. 
5.1. Choose the thickness of the part by selecting the thickness icon and scrolling. Press the 
tick button to confirm. 
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Note: To change the increment (delta) of measurement, press the desired measurement 
icon to highlight it (in this case thickness), then press and hold the delta symbol. A menu 
will pop-up showing different deltas. 
5.2. CSC Mode > Plate 
5.3. Weld>None 
5.4. Finish 
6. Wizard>Setup>Start 
Note: The probe must be turned on for the setup wizard to start. Press the “Play” icon in the 
top left corner to turn on the probe. 
6.1. Operation 
6.1.1. Add – created a new setup file 
6.1.2. Modify – Modify the current setup file 
6.2. Current Group>PA 1 
6.3. Group Mode>PA 
6.4. Application>Composite 
6.5. Next 
6.6. Select/Edit>Select 
6.7. Probe Auto. 
Note: PA probes will auto detect 
6.8. Contact>Show All> 
5L60 5L32 10L32 
SA12>SA12 OL SNW1>SNW1-OL-AQ25 SA10>SA10 OL 
6.9. Next. 
6.10. From testing, the ideal element quantity was at least greater than 4 and less than 
12. Set to 6. 
6.11. First and last element. This determine how many of the elements are pulsed. Set 
the first element to 1 and the last element to maximum number of elements. 
Note: It is possible to set only 1 element. This essentially turns the PA probe into a 
single element transducer (conventional UT). 
6.12. Next 
6.13. Focus Depth. ~Greater than 5 times the thickness. 
Note: For an unfocused scan, the focus depth should be greater than the thickness. If a 
defect requires more in-depth scanning, focusing can be used after it has been detected, 
although this has not been necessary during testing. 
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6.14. Skew/Index offset/Scan offset. Ignore, important for post processing of weld 
scanning. 
6.15. Generate 
Scan Setup and Procedure 
7. Gain: This is automatically set to 20dB. This is usually too high for thin plates, it is best to 
start with as low a gain as possible (8dB) and increase later if needed. 
8. View: Change the view format to A-C-S by selecting from the drop down menu on the top 
bar. This is a personal choice; this layout has proven to be effective when initially setting up 
the probe. Press and hold on the C-scan, from the drop down menu select A%. This 
provides the most intuitive view of the C-scan 
9. UT Settings>General>Start/Range. Set Start to a negative value (-1mm) (You may need to 
change delta). This improves the readability of the S-scan. Set Range to just greater than the 
back wall of the part that is being scanned to remove unneeded range. 
10. UT Settings>Pulsar>Energy. Similar to Gain, start with the smallest energy and increase as 
needed. 
Gates 
11. Gates/Alarms>Gates 
11.1. Gate>I>Geometry>off 
11.2. Gate >B>Geometry>off 
12. Setting the gate 
12.1. Select the Start and Finish of the gate depending on the depth that is required for 
the C-Scan. 
Changing Settings 
13. When varying settings, it is advisable to vary the MX2 settings in the following order, 
deciding at each point during the process which setting produces the best results. Note there 
are many other settings that allow for further customization of a scan, but this provides a 
good stating process, unit proficiency increases. 
 
Varying Voltage 
14. UTSettings>Pulsar>Voltage 
Varying Rectification and Filter 
15. UTSettings>Receiver>Rectifier and Filter 
Best 
Results Voltage 
Gain 
TCG 
Best 
Results 
Rectification 
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Creating a TCG Curve 
16. Sizing>(Select None)>TCG>Curve Setup 
16.1. Along the bottom of the UI, the settings for creating the TCG curve are available. 
Select distance, gain, then add. Then modify the second point and so on. TCG can be 
turn off by going back to the second level menus and selecting (none). 
Data Cursers 
17. Press and hold on the C/S/B scan during scanning. From the drop down menu, select data 
curser. The locations of these cursers control the slice of the scanned section that is being 
displayed to the operator. Note that the C-Scan slice is controlled by the location of the gate. 
Encoders 
18. To use and encoder, attach to the wedge. The VersaMOUSE is compatible the 5L60 and 
5L32 probes. The mini-wheel screw onto the 10L60 wedge. There are several individual 
pieces that make up the encoder assemblies. During scanning, pressing the blue button on 
the VersaMOUSE moves the scan index across. The width of this index can be changed in 
the scan menu. When indexing using the mini wheel, this indexing procedure must be 
completed through the MX2 UI. Press and hold in the scan icon along the top bar in the 
main UI. From the dropdown menu, select index. 
Saving and Opening Setups 
19. File>Setup>Saveas 
19.1. A new screen will open. Press on the setup name at the bottom of the UI to 
modify its name. Press the tick to save the setup. 
19.2. To open a setup: File>Setup>Open, and select the required setup. 
Saving and Transferring Images 
20. To save an image of the current scans, the scan must be paused. 
20.1. File>Image>Save 
20.2. To access an Image, File>Image>Open 
21. To transfer an Image to USB storage 
21.1. Preferences>Tools>File Manager 
21.1.1. On the left of the UI, Select Filetype>Image 
21.1.2. Select the image you wish to transfer from the left folder. 
21.2. On the right folder, open the USB Storage Folder. Note, a flash drive must be 
plugged into the MX2 for this to appear. 
21.3. At the bottom of the UI, select move or copy to transfer the images to the USB. 
21.4. Press close and remove the USB 
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CHAPTER 7 - APPENDIX 1 – FULL RESULTS 
5L60 Airbus Block Rectification 
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5L32 Airbus Block Rectification 
 
Filter (MHz) 
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5L32 HATP Global Gain vs Time Corrected Gain (TCG) 
 
Gain – Added to initial baseline value of 8dB 
+4 +8 +12 +16 +20 +24 
Global 
Gain 
      
TCG 
Type 1 
      
TCG 
Type 
2- 
      
For TCG T2, the first point was set to +2dB. 
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5L32 HATP Rectification 
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10L32 HATP Rectification 
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